As an observation, the runoff pat-
terns this year are more nearly the
kind to be expected in a globally
warmer world if climate change did
occur. Such a change would produce
more winter runoff, possibly more
winter floods, and a reduction in
spring snowmelt runoff, particularly
in the northern Sierra. The clima-
tologists are still debating whether
Earth’s climate is actually warming.
- The signals are mixed. One has to
‘weigh our warm weather this year
with the very cold and snowy winter
in the upper Midwest. The recent
warm months in much of California
are probably associated with a large
patch of warmer-than-usual surface
water — up to 3°C above average in
May — off the California coast. We
don’t believe this warm water off-
shore is linked to El Nifio in the
equatorial eastern Pacific.

Unusually early warming was noted
in May in the tropical eastern Pacific
Ocean. Assuming the usual progres-
sion of ocean warming (El Nifio events
usually peak in late fall or winter) the
National Weather Service has pre-
dicted a large El Nifio event this fall
and winter, with worldwide impacts
on weather. Expected consequences
are dry conditions in northeastern
Australia, Indonesia, northern India,
northeastern Brazil, and the Pacific
Northwest and wetter than average
conditions in California, the Ameri-
can Southwest and Gulf States, Chile,
and Peru. It remains to be seen whether
the Pacific warming will continue or
whether something else will happen.
For large El Nifio events, the signal
is stronger in Southern California,
less in Northern California and the
northern Sierra. Some El Nifio years
have been dry in Northern Califor-
nia. If the warmth off the California
coast persists, it could lead to more
tropical storm penetration into Cali-
fornia during August and September.
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Predicting Evolution of Shallow-Water Habitat Ecological

Function from Restoration of Managed Delta Islands
Zachary Hymanson, DWR, and Charles Simenstad, University of Washington

Interagency Program staff will be col-
laborating on an interdisciplinary,
consortium-based research project to
investigate the timing and type of
ecological benefits gained from shal-
low-water habitat restoration in the
delta. The project, approved as 2 1996
Category III project, will be led by
Charles “Si” Simenstad from the
University of Washington, School of
Fisheries, Wetland Ecosystem Team.

The project aims to determine the
potential for wetland restoration to
provide aquatic resource functions and
habitat thought important to improv-
ing the ecological health of the delta.

Results will provide critical informa-
tion necessary to predict whether
breached-dike restoration strategies
contemplated in the CALFED plan-
ning process will provide the expected
ecosystem benefits to aquatic resources
dependent on the delta. Further, the
study is expected to provide informa-
tion useful to restoration projects in
progress on Prospect, Sherman, and

Decker islands.

The study will assess the long-term
prognosis of restoring function to for-
mer wetlands now existing as man-
aged islands through a space-for-time
substitution approach. Rather than
depending on long-term ecological
databases on tidal wetland develop-
ment, which are essentially unavail-
able for the region, a space-for-time
substitution approach will compare
the habitat and function of histori-
cally breached islands of various ages
to several natural reference sites. These
comparisons will be used to predict
the patterns and rates of habitat and
function development of shallow-
Water restoration projects.

Objectives of the project include:

e Assess hydrological, geomorpho-
logical, biogeochemical, and ecologi-
cal indicators of flooded agricultural
islands of various ages;

» Complete comparisons between the
previously flooded islands and adja-
cent reference sites using indices of
habitat quality for fish, invertebrates,
and other flora and fauna; and

o Using various indicators, compare
the state of wetland functions at the
flooded islands to the functions of
natural marsh sites.

Ultimately, the information will be
used to develop conceptual models
describing the shape and rate of de-
velopment of trajectories for fish and
wildlife habitat functions in flooded
delta islands.

DWR will conduct the fish study
element of the project through the
Interagency Program. DWR staff in
the Environmental Services Office
will lead the planning and imple-
mentation of the fish study element,
completing the data analyses and re-
porting the results. Coordinating the
fish study element with the IEP pro-
ject work teams will also be the re-
sponsibility of DWR.

The University of Washington and
Metropolitan Water District are near-
ing completion of the required pro-
ject contract. Subcontracts will then
be developed between the university
and the other partners in the study,
including DWR, Philip Williams and
Associates, and LTUMCON. In addi-
tion, DWR staff are securing project
permits from USFWS, NMFS, and
DFG. The partners will begin final
study design late this summer and
begin the study this fall. Contact
Zach Hymanson (916/ 227- 7543) for
more information.

Effects of Reduced Wastewater Phosphate Concentrations in South San Francisco Bay

Steve Hager and Larry Schemel, USGS

Wastewater from municipal treat-
ment plants is an important source
of freshwater and chemical species to
the lagoonal southern reach of the
San Francisco Bay estuary (South
Bay; Figure 1). Observations over al-
most four decades have shown that
the chemical composition of the
wastewater strongly influences longi-
tudinal concentration gradients of
dissolved nutrients, particularly in
the shallow, landward reach south of
the San Mateo Bridge (cf. Harris ez 4/
1961; Conomos et al 1979; Schemel
and Hager 1996). It follows that
changes in wastewater treatment that
cause changes in the chemical com-
position of wastewater could affect
distributions of dissolved nutrients
in South Bay. We previously showed
an example of this with respect to a
1979 upgrade to tertiary treatment by
the San Jose/Santa Clara Water Pol-
lution Control Plant, which resulted
in decreased concentrations of am-
monium and increased concentra-
tions of nitrate in the landward reach
(Hager and Schemel 1996). Here, we
show the effects of a decrease in phos-
phate loading by two wastewater

Figure 1
LOCATION MAP FOR SOUTH BAY
Diameters of circles are proportional to
volumes of wastewater.
Data from Hager and Schemel 1996, Table 3.

treatment plants that discharge into
the landward reach of South Bay.

In late 1992 and early 1993, phos-
phate loading south of Dumbarton
Bridge was rapidly reduced by more
than 50% from its previous 3-year
mean value (Figure 2). This reduc-
tion was due to significant reductions
in phosphate concentrations in efflu-
ent from two wastewater treatment
plants and apparently did not result
from decisions to reduce phosphate
loadings. For example, in May 1993,
the plants began usingalternating an-
oxic and oxic zones in some activated
sludge ponds to control the growth
of filamentous algae without using
more chlorine. This mode of opera-
tion also increases biological phos-
phorus removal (Alex Ekster, SJ/SC
WPCP, personal communication,
March 21, 1997). As a result, phos-
phate concentrations in the effluent
were reduced to about 40% of pre-
vious values. Causes of a smaller re-
duction in phosphate concentrations
in the effluent of the Palo Alto Mu-
nicipal Wastewater Treatment Plant
over a period of months beginning in
late 1992 have not yet been resolved.
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Figure 2
RECENT HISTORY OF MONTHLY
LOADINGS OF TOTAL PHOSPHATE SOUTH
OF DUMBARTON BRIDGE
f( etric Tons per Day)

Data from monthly reports by the

wastewaler treatment plants to the
Regional Water Quality Control Board.

For much of an average year, waste-
water plants south of Dumbarton
Bridge are also the only sources of
freshwater to that part of the bay.
Thus, transect plots of wastewater-
derived substances versus salinity may
have zero-salinity intercepts equal to
the wastewater concentration and
slopes determined by mixing this
wastewater with bay water. Because
the volume of wastewater discharged
daily south of Dumbarton Bridge is
only about 0.7% of the mean tide
volume of that part of the bay, obser-
vations during our routine sampling
program did not show reduced slopes
and intercepts until fall 1993. Data
from November 1993 showed a
reduced slope extending to Coyote
Hills Slough (seaward of Dumbarton
Bridge, 22 km from the plant). By
February 1994, the reduced slope ex-
tended to just seaward of the San
Mateo Bridge (34 km from the plant).
Over the next 3 years, however, con-
centrations of phosphate were also
lowered by freshwater inflow to South
Bay, by exchange with the freshened
water of central San Francisco Bay,
and by spring phytoplankton blooms.
As a result, phosphate concentrations
in the landward reach after the ma-
jor change in phosphate loading
(circles) were not consistently lower
than those before the change (plus
signs), even when referenced to salinity
(Figure 3). Only when data are se-
lected for times when freshwater inputs
and phytoplankton populations were
low (eg, November) do reduced slopes
and intercepts stand out in a phos-
phate/salinity plot (Figure 4). Clearly,
other sources also influence these
slopes, and we are developing numeri-
cal models to quantify the influence of
the small mid-bay wastewater input,
the larger more northerly waste-
water input, and benthic fluxes.
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Figure 3
PHOSPHATE VERSUS SALINITY,
DUMBARTON BRIDGE TO
SAN MATEO BRIDGE, 1990-1996

Plus signs are observations before May 1993.
Circles are observations after May 1993.
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Figure 4
PHOSPHATE VERSUS SALINITY,

SOUTH BAY TRANSECTS IN
NOVEMBER, 1992-1996

Data from 1995 are from shallow-water locations.
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A possible long-term consequence
of this reduction in loading is an
increased likelihood that phyto-
plankton bloom development may
become limited by availability of
phosphate rather than by nitrogen.
This is because the N:P ratio of these
combined effluents may, for the first
time, exceed the Redfield ratio (16:1
by atoms), which approximates the
ratio of N:P used in primary pro-
duction. The mean N:P for the San
Jose/ Santa Clara Water Pollution
Control Plant from 1990 to April
1993 was 10:1, whereas from May
1993 through 1996 it was 22:1. Possi-
ble ecological effects in addition to a
reduction in primary production in-
clude a change in dominant phyto-
plankton species during blooms (eg,
Escaravage et 4/1996). Our long-
term studies of San Francisco Bay
will help detect changes, and thus we
are grateful for the continuing sup-

- port of the USGS National Re-

search Program and Toxic
Substances Hydrology Program and
the partial support of the San Fran-
cisco Estuary Institute Regional
Monitoring Program for routine
data collection, which make these
studies possible.
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Relative Abundance and Some Aspects of the Biology of Native and Introduced
Mysid Shrimp in Suisun Bay and the Delta

James J. Orsi; DFG

Invasions of exotic aquatic species
have become commonplace in the
Sacramento-San Joaquin estuary.
The fish, benthos and plankton have
all been modified extensively by in-
tentional or accidental introductions
dating back to Gold Rush times, and
perhaps even earlier. Ballast water
discharge from ocean-going ships has
been implicated in the introduction
of several species of Asian copepods
since the late 1970s, and in August
1992 an Asian mysid shrimp, Acan-
thomysis bowmani sp. nov., was taken
in the Sacramento and San Joaquin
rivers on either side of Sherman Is-
land (Modlin and Orsi in press). This
shrimp closely resembles two Asian
species: A. sinensis, found in the East
China Sea at the mouth of the Yang-
tze River, and A. longirostris, which
has been reported from the north
China coast, Korea, and Japan.

The new mysid was rare during 1992
and 1993, but in 1994 it became more
abundant than the native mysid,
Neomysis mercedis, and remained so
in 1995 and 1996 (Figure 1). N. mer-
cedis abundance peaked in May or
June in 1992-1996. The peak for
A. bowmani varied from June to Sep-
tember; in recent years it has been
distinctly more abundant than N.
mercedis in late summer and fall.

A. bowmani is somewhat more eu-
ryhaline than N mercedis; it ex-
tended from fresh water to 19 mS/cm
and was most abundant at 3 mS/cm
(Figure 2). N. mercedis has historically

been most numerousat2 to 10 mS/cm.

N. mercedss is larger than A. bowmani.
The largest N. mercedis females in
1994-1996 were 15 mm total length,
compared to 12 mm for A. bowmani.
Gravid (egg-bearing) N. mercedis
females had an abundance peak at
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Figure 1
MONTHLY ABUNDANCE OF A. BOWMANI AND N. MERCEDIS AT
ALL SAMPLING STATIONS, 1993-1996
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Figure 2
MEAN ANNUAL ABUNDANCE OF A. BOWMANI AND N. MERCEDIS
BY SPECIFIC CONDUCTANGE CLASS

10-12 mm compared to modes at 7
and 10 mm for A. bowmani (Fig-
ure 3). However, A. bowmani carries
more eggs at the same length than N,
mercedis does. In June 1995, 9 mm
N. mercedis carried an average of 17.4
young vs. 30.4 young for A. bowmani.
At 10 mm N. mercedis had an average
of 23.2 young compared to 46.1 for
A. bowmani. The eggs of N. mercedis
are about 1.2 times larger than those
of A. bowmani — 049 mm versus

041 mm. Small eggs may develop '

faster than large ones, so a combina-
tion of greater fecundity and faster
development time may give A. bow-
mani a higher reproductive rate. Be-
cause A. bowmani also begins to
reproduce at a smaller size, it may
have a considerable competitive ad-
vantage over N. mercedss.

The diet of A. bowmani has not been
investigated, but it would be expected
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